Purpose: To provide quantitative parameters for assessment of human donor corneal stroma by imaging stromal features of diseased and normal human corneas with full-field optical coherence microscopy (FFOCM), using confocal microscopy (CM) and histology as reference techniques. Methods: Bowman's layer (BL) thickness and keratocyte density were assessed ex vivo in 23 human donor corneas and 27 human pathological corneas (keratoconus and other corneal disorders) with FFOCM, CM and histology. Stromal backscattering was assessed with FFOCM. Additionally, 10 normal human corneas were assessed in vivo with CM. Results: In FFOCM, the logarithm of the normalized stromal reflectivity was a linear function of stromal depth (R 2 = 0.95) in human donor corneas. Compared with keratoconus corneas, human donor corneas featured higher BL thickness (p = 0.0014) with lower coefficient of variation (BL-COV; p = 0.0002), and linear logarithmic stromal reflectivity with depth (higher R 2 , p = 0.0001). Compared with other corneal disorders, human donor corneas featured lower BL-COV (p = 0.012) and higher R 2 (p = 0.0001). Using the 95% confidence limits of the human donor cornea group, BL thickness < 6.5 lm (sensitivity, 57%; specificity, 100%), BL-COV > 18.6% (79%; 100%) and R 2 < 0.94 (93%; 71%) were revealed as indictors of abnormal cornea. In CM, keratocyte density decreased with stromal depth (r = À0.56). The mean overall keratocyte density (cells/mm 2 ) was 205 in human donor corneas, 244 in keratoconus, 176 in other corneal disorders and 386 in normal corneas. Conclusion: Full-field optical coherence microscopy (FFOCM) provides precise and reliable parameters for non-invasive assessment of human donor corneal stroma during storage, enabling detection of stromal disorders that could impair the results of keratoplasty.
Introduction
Deep anterior lamellar keratoplasty (DALK) is currently considered as the surgical technique of reference for treating corneal diseases that do not involve the corneal endothelium, including keratoconus, stromal scars after infectious keratitis, trauma and stromal dystrophies (Shimazaki et al. 2002; Tsubota et al. 1998; Busin et al. 2005; Amayem & Anwar 2000) . This technique makes possible the replacement of the central corneal epithelium and stroma of the recipient by corneal epithelium and stroma from a donor, while the recipient's corneal endothelium and Descemet's membrane remain intact and in situ. Preservation of the recipient corneal endothelium is associated with lower incidence of rejection, absence of endothelial rejection, lower endothelial cell loss after transplantation and favourable cost-effectiveness ratio (Borderie et al. 2011; Borderie et al. 2012; Koo et al. 2011; Bahar et al. 2008; Bahar et al. 2011; Cheng et al. 2011) . Another advantage of DALK is that donor tissue with poor endothelium can be used for transplantation because this layer will not be grafted (Borderie et al. 2013) . Conversely, quality of donor corneal stroma is likely to be the major limiting factor for graft success and vision recovery because it is the only donor corneal layer that will remain in the midterm and long term after donor epithelium has been replaced by recipient epithelium. Unfortunately, means to assess donor corneal stroma in eye banks are limited. They include slit lamp examination of the donor eye ball when tissue retrieval is made by enucleation, light microscope examination of the donor stroma and spectral domain optical coherence tomography (SD-OCT) (Borderie et al. 1998a; Bald et al. 2013 ). Many eye banks receive donor tissue retrieved by in situ excision of corneoscleral rims, which makes slit lamp examination difficult in the eye bank.
Full-field optical coherence microscopy (FFOCM) is a variant of conventional OCT in which two-dimensional (2D) enface images are captured every 1 lm in depth, and three-dimensional (3D) data are obtained after scanning in the depth direction (Beaurepaire et al. 1998; Dubois et al. 2002) . This configuration and the use of a white light source allows for higher axial and transverse resolution compared with conventional OCT, on the order of 1 lm. Full-field optical coherence microscopy (FFOCM) permits 3D imaging of fresh or fixed ex vivo biological tissue samples non-invasively. It has been used to image the cornea (Ghouali et al. 2014; Akiba et al. 2007; Latour et al. 2010) . By providing both high-resolution enface images and cross sections, FFOCM provides information on both the histological structure and cellular details of cornea.
The objective of this study was to identify new relevant parameters for assessment of human donor corneal stroma by imaging stromal features of diseased and normal human corneal tissues with non-invasive FFOCM, using confocal microscopy (CM) and histology as reference techniques. Diseased corneas included in the study were characterized by features of keratoconus including stromal hyperreflectivity ) and stromal hyper-reflectivity related to stromal scars and opacities on SD-OCT preoperative assessment.
We evaluated the value of Bowman's layer (BL) thickness, keratocyte density and stromal backscattering to distinguish normal from pathological corneas.
Materials and Methods

Study design and ethics
This study was prospective and observational. Informed consent was obtained from patients. No modifications to French standards of treatment or follow-up were made. Institutional Review Board (IRB) approval was obtained from the Patient Protection Committee, Ile-de-France V (14944). The study was carried out according to the tenets of the Declaration of Helsinki and followed international ethical requirements for human tissues. Table 1 shows characteristics of the corneas included in the study.
Corneal tissues
Fifty ex vivo corneas, including 23 human donor corneas and 27 human surgical specimens of pathological corneas, were included in this study.
The 23 human donor corneas were obtained from the Tissue Bank of the Etablissement Franc ßais du Sang -Ilede-France and from the Surgery School (Paris, France). None of the donors had a history of eye disease or eye surgery. All human donor corneas retrieved for this study had been discarded by the tissue bank due to low endothelial cell count, according to the standards of the European Eye Bank Association. Macroscopic and microscopic appearance of the stroma and epithelium was normal (Borderie et al. 1998a ). The average death-to-tissue retrieval time was 21 AE 8 hr. Human donor corneas were stored in organ culture medium (EuroBio, Les Ulis, France) at 31°C for an average of 34 AE 18 days (range 1-49 days) as previously described (Borderie et al. 1998b) . After organ culture, human donor corneas were stored in dextransupplemented organ culture medium (EuroBio) for 3 days for deturgescence (Borderie et al. 1997) . They were then assessed with CM and FFOCM, then fixed in 4% paraformaldehyde (PFA) and transferred to the pathology laboratory for histological processing.
The 27 corneal buttons originated from 27 patients with various corneal diseases. The day before, keratoplasty patients were assessed with CM and spectral domain OCT. Corneal buttons were collected from the operating room after keratoplasty and immersed in dextran-supplemented organ culture medium during FFOCM imaging, after which they were processed for histology.
Additionally, 10 normal corneas from 10 refractive surgery candidates were assessed in vivo by CM, over a 2-year period. Confocal microscopy was performed as part of the standard checkup before refractive surgery. None of the patients had a history of eye surgery or eye disease.
Assessment of corneal stroma
The Heidelberg Retina Tomograph III/ Rostock Cornea Module (Heidelberg Engineering GmbH. Heidelberg, Germany) was used for CM in this study. For in vivo CM, oxybuprocaine eyedrops and high-viscosity eye gel were instilled and patients were asked to fixate an external fixation target. For ex vivo CM, human donor corneas were mounted in an artificial chamber (Moria, Antony, France). The artificial chamber was filled with dextran-supplemented organ culture medium. A 30 cm H 2 O pressure was maintained during CM. Images of all corneal Other corneal disorders (scar after infectious keratitis, n = 4; Fuchs' dystrophy, n = 3; bullous keratopathy, n = 3; graft failure, n = 2; stromal dystrophy, n = 1; trauma, n = 1) layers from the superficial epithelial cell layer to endothelium were captured in the central zone of cornea. The acquired images had 384 9 384 pixels over a 316 9 316 lm field of view with a 1 lm lateral 9 6.7 lm axial resolution, so that one image corresponds to a 6.7-lm-thick corneal section (Petroll et al. 2013) . The FFOCM instrument (LLTech, Paris, France) used in this study has been described previously (Ghouali et al. 2014) . Penetration depth depends on tissue content and transparency and ranges from approximately 200 lm in sclera to 1000 lm in cornea. The acquired images consisted of 1024 9 1024 pixels over a 780 3 780 lm field of view with a 1.6 lm lateral 3 1.0 lm axial resolution. One image corresponds to a 1.0-lm-thick corneal section. Images were taken every 1 lm depth step in the central zone of cornea (Grieve et al. 2004) .
After assessment with FFOCM, 10 of the human donor corneas and all of the pathological corneas were fixed with PFA 4% and then included in paraffin and frozen. They were then cut in 4-lm-thick sections with a microtome (Leica RM2145; Leica, Paris, France). More precisely, two human donor corneas and all pathological corneas were cut in conventional cross sections and eight human donor corneas were cut in enface sections. Sections were collected on slides (Superfrost; Thermo Scientific, Illkirch, France), immersed in histosol and rehydrated in 100%, 90% and 70% ethanol and double-distilled water. Sections were stained with haematoxylin and eosin stain (HES), to enhance nucleus visualization and mounted. Light microscope images of stained sections were scanned with the Hamamatsu 174 NanoZoomer Digital Pathology (NDP) 2.0 HT (Hamamatsu Photonics, Massy, France).
Corneal cross sections were used to assess stromal thickness ( Fig. 1 ) and BL thickness (Fig. 2 ). Distances were measured manually with IMAGEJ Ò software (NIH, Madison, WI, USA) at five equally spaced points across the cross section, and the mean and COV values were recorded.
To assess keratocyte density, we considered all enface stromal images. When two or more CM images were taken at the same depth, the image with the highest contrast was selected.
Masked images were analysed using IMAGEJ Ò software. Confocal microscopy (CM) and histology images were analysed individually (Fig. 3A , B, D). Fullfield optical coherence microscopy (FFOCM) images (Fig. 3C) were summed in groups of seven consecutive images to produce slices of the same thickness as with CM. A 300 lm 9 300 lm region of interest was selected, and the image contrast was inverted to enhance nucleus visualization. Then, contrast and brightness were enhanced, and cell nuclei were manually counted using the 'cell counter' function ( Fig. 3B ). Only bright and clear oval features were considered to be nuclei. Nuclei that landed on the border of the confocal image were counted only for two of the four sides of the image. We chose to follow the CM convention of expressing cell density in terms of areal density, that is in cells/mm².
The methodology for assessing keratocyte density was first set up by analysing all available CM images of stroma in 10 normal corneas from 10 healthy patients. Forty-two to eighty images were analysed for each cornea. As the maximum cell density was found in the first 2% of stromal depth, stroma was divided into four regions according to depth:
• The very anterior stroma below BL representing the first 2% of the whole stromal thickness.
• The remaining stroma representing 98% of the stromal thickness, which was divided into three zones of identical thickness: anterior stroma, mid-stroma and posterior stroma. Assessment of the reliability of keratocyte density counts was performed by means of stepwise analysis of the average densities measured on 25 images of normal human corneas taken at various stromal depths (Fig. 4) . For the anterior stroma, keratocyte density decreased with stromal depth from 115% for the first image to 100% for the sum of the first 25 images (Fig. 4A) . With 15 images, the calculated keratocyte density was 3% higher than that obtained with 25 images. Variability appeared not to be influenced by the number of images analysed, with the coefficient of variation (COV) calculated with 25 images ranging from 6% to 10%. For the mid-and posterior stroma, keratocyte density and variability also appeared not to be influenced by the number of images analysed ( Fig. 4B-C) . Using five randomly selected images, the calculated keratocyte density was close to that obtained with 25 images. Coefficient of variation ranged from 5% to 8% in the mid-stroma and 3% to 7% in the posterior stroma. Consequently, for further keratocyte density assessment, the numbers of stromal images used for counting were the following: all available images for the very anterior stroma, 15 images for the anterior stroma, five images for the mid-stroma and five images for the posterior stroma.
To assess stromal reflectivity, stacks of FFOCM stromal images were analysed via their Z-axis profile using IMAGEJ Ò and custom software developed in MATLAB Ò (Mathworks, Inc., Natick, MA, USA). Normalized mean intensity depth profiles were generated of stromal image stacks. Briefly, the mean grey level was calculated for each enface stack, zeroed by subtracting the baseline grey value and normalized by the maximum grey value, and displayed in log scale as a function of stromal depth (% of the stromal thickness). Each logarithmic profile was approximated by a linear regression line, which minimized the sum of the squared residuals (least-squares fit), and the R-squared value (R 2 ) was used as a measure of linearity.
To assess repeatability of measurements, all quantitative manual measurements were assessed by one orthoptist trained in CM and one eye bank technician trained in endothelial cell density assessment, and results were analysed using the Bland-Altman method.
Statistical analysis
Assessment of the reliability of keratocyte density counts was performed by means of stepwise analysis (Doughty et al. 2000) . One-way ANOVA with appropriate post hoc tests was used to compare continuous variables. The Pearson correlation coefficient was used to assess correlation between continuous variables. Comparison of groups was made with the chi-square test for qualitative variables. A corrected p value <5% was considered statistically significant.
Results
Bowman's layer thickness
Bowman's layer (BL) thickness obtained with histology correlated with that obtained with FFOCM (r = 0.60, p = 0.04). Interoperator analysis of BL thickness FFOCM measurement showed a mean difference of À0.32 lm, and the limits of agreement of the interoperator difference were À4.61 lm and +3.98 lm (Fig. 5A ).
Bowman's layer (BL) thickness assessed with FFOCM (Table 2) was significantly lower in keratoconus than in human donor corneas (p = 0.0014). Variability of BL thickness (FFOCM, Table 2 ) was significantly higher in the keratoconus group than in the human donor cornea group (p = 0.0002) and the other corneal disorder group (p = 0.012). Using the 95% confidence interval of the human donor cornea group, a BL thinner than 6.5 lm and a COV of BL thickness >18.6% should be considered abnormal (FFOCM).
Keratocyte density
Overall, keratocyte density assessed with CM decreased with stromal depth (r = À0.56, p < 0.01; Fig. 6 ).
Keratocyte density is shown in Table 2 . In normal in vivo corneas, analysis of variance showed significant differences in keratocyte density assessed with CM according to the stromal layer (p < 0.000001). Conversely, there were no significant differences between patients (p = 0.96).
For in vivo cornea assessed with CM, if we consider the very anterior stroma keratocyte density to be 100%, then anterior stroma keratocyte density in vivo was 61.8% of this figure, midstroma keratocyte density was 56.2%
and posterior stroma keratocyte density was 55.4%. For precision analysis, ten ex vivo human donor corneas from 10 different donors were assessed by CM, FFOCM and histology. A total of 596 CM images, 381 FFOCM and 319 histological sections were analysed. Keratocyte density assessed with FFOCM was not significantly different from that assessed with CM (p = 0.32), and the assessments with the two devices were significantly correlated (r = 0.62; p < 0.001; Fig. 7A ). Keratocyte density assessed with FFOCM was not significantly different from that assessed with histology (p = 0.09), and the assessments were significantly correlated (r = 0.57; p = 0.008; Fig. 7B ). For ex vivo cornea assessed with CM, if we consider the very anterior stroma keratocyte density to be 100%, then anterior stroma keratocyte density ex vivo was 73.5% of this figure, midstroma keratocyte density was 71.0% and posterior stroma keratocyte density was 69.2%.
Interoperator analysis of FFOCM keratocyte density measurement showed a mean difference of À4.2 cells/ mm², and the limits of agreement of the interoperator difference were À87 cells/ mm² and +79 cells/mm² (Fig. 5B) .
With CM, for all stromal layers, keratocyte density was significantly lower in the human donor cornea group than in the normal group (p < 0.00001). Keratocyte density in the very anterior stroma was significantly lower in the human donor cornea group than in the keratoconus group (p = 0.003). There were no significant differences between the human donor cornea group and the keratoconus group for the anterior, mid-and posterior stromal layers (p > 0.5). There were no significant differences between the human donor cornea group and the other corneal disorder group for all stromal layers (p > 0.6).
In FFOCM, there were no significant differences between the human donor cornea group and both the keratoconus and other corneal disorder groups (p = 0.77).
Stromal reflectivity
In human donor corneas, the logarithm of the normalized stromal reflectivity (FFOCM) decreased linearly with stromal depth (R 2 = 0.95; Fig. 8A and B) . In keratoconus and other corneal disorders ( Fig. 8C and  D) , the logarithm of stromal reflectivity (FFOCM) was not a linear function of stromal depth (keratoconus, R 2 = 0.62, p = 0.0001 versus human donor corneas; other corneal disorders, R 2 = 0.76, p = 0.0001 versus human donor corneas). Using the 95% confidence interval of the human Fig. 4 . Stepwise assessment of variance in keratocyte density estimates from CM images of anterior (A), mid-(B) and posterior (C) stroma from normal corneas. The variance is presented as AE1 SD expressed as a percentage of the arithmetic mean of the first 25 images. Images are classified according to stromal depth with the first image being the most superficial and the last the deepest. The last point represents the arithmetic mean of the first 25 images (100%). For the very anterior stroma, as it represents 2% of stromal depth, all available images (usually three) were used to assess keratocyte density. donor cornea group, nonlinear logarithmic reflectivity with R 2 lower than 0.94 was an indicator of abnormal cornea (FFOCM).
Detection of pathological corneas with quantitative stromal parameters
Sensitivity and specificity of the three main parameters were, respectively, 57% and 100% for BL thickness < 6.5 lm, 79% and 100% for BL COV > 18.6% and 93% and 71% for R 2 < 0.94 (FFOCM).
Discussion
Precise assessment of donor corneal stroma is currently challenging for eye banks. In our study, we were able to demonstrate that FFOCM enables precise and reliable assessment of several stromal features, such as keratocyte density, BL thickness, stromal morphology and reflectivity. Full-field optical coherence microscopy (FFOCM) is a Mean and 95% confidence interval are shown. COV = coefficient of variation, CM = Confocal microscopy, FFOCM = full-field optical coherence microscopy. *Significantly different from keratoconus group; § Significantly different from other corneal disorder group; † Significantly different from normal group; a Mean of the 2 human donor corneas that were processed with histological cross-sections; b Mean of the 8 human donor corneas that were processed with histological en face sections; NA not available as all samples were processed with histological cross-sections which do not permit assessing the areal keratocyte density.
non-invasive technique well suited to donor tissue assessment, as the graft tissue remains immersed in a closed chamber filled with storage medium throughout imaging. Both slit lamp and SD-OCT examinations can detect stromal opacities, but no high-resolution quantitative assessment of keratocyte density and spacing or of BL thickness and morphology is possible with these techniques (Bald et al. 2013) .
To evaluate the suitability of FFOCM for assessment of donor stroma, we analysed a series of human donor corneal grafts that were considered to have normal stroma according to the existing eye bank assessment process. We compared these human donor corneas with pathological corneas immersed in storage medium. Three stromal parameters permitted differentiation of the pathological from the human donor corneas, that is BL thickness, its variability and stromal reflectivity.
Bowman's layer (BL) appears particularly relevant in the assessment of corneal stroma because it is secreted during human corneal development, it is distinct by 19 weeks of gestation, and it never repairs after birth (Tisdale et al. 1998) . Therefore, any damage to BL, induced, for example, by photorefractive keratectomy, infectious keratitis, immune-mediated keratitis or keratoconus, is irreversible. Damage to BL can be used as an indicator of previous stromal damage in donor corneal tissue. We did indeed find that the mean thickness of BL and its COV were parameters that distinguished pathological from normal corneas.
Stromal transparency also appears to be a relevant parameter to assess donor corneal stroma. However, corneal transparency is impaired after donor death due to post-mortem corneal oedema. In our series, all pathological corneas featured abnormal stromal reflectivity on SD-OCT performed before surgery. However, this was a qualitative assessment, and further development is needed to quantitatively assess stromal backscattering from SD-OCT images. With FFOCM, we evaluated the stromal light backscattering by analysing stromal reflectivity. Similar backscatter analysis has shown to be of interest for conventional OCT (Wang et al. 2004) . We found that stromal reflectivity decreased exponentially with stromal depth, and as a result, the logarithm of normalized stromal reflectivity was a linear function of stromal depth in human donor corneas. Conversely, stromal reflectivity was not a linear function of stromal depth in pathological corneas. Compared with slit lamp Fig. 6 . Keratocyte density of normal corneas assessed with CM as a function of stromal depth (expressed as a percentage of total stromal thickness). The maximum density was observed in the first 2%. In the remaining 98%, density decreased progressively from the anterior to the posterior stroma. Fig. 7 . Correlation between CM and histology (A) and full-field optical coherence microscopy and histology (B) in assessing keratocyte density of human donor corneas. examination or SD-OCT, FFOCM allows stromal opacities to be assessed objectively and quantitatively at high resolution.
As keratocytes are responsible for stromal collagen fibril and extracellular matrix synthesis and renewal, we hypothesized that keratocyte density would also be a relevant parameter for assessing donor stroma. We included a control group of normal corneas assessed with in vivo CM, and we developed a precise and reliable method to measure keratocyte density from FFOCM and CM images that can be easily used in eye banks. Analysis of 28 stromal images was necessary to get a precise and reliable density measurement in all stromal layers. We note that the FFOCM cross section can also be used to calculate keratocyte density, by counting keratocytes in the cross-sectional view (Karimi et al. 2011) . This is a potential advantage of FFOCM over CM (where keratocyte density counts must be made on enface views, which requires multiple slices and therefore is more time-consuming) or SD-OCT (where individual keratocytes are not resolved). In both normal and pathological corneas, keratocyte density decreased with stromal depth. Furthermore, the first 2% of the corneal stroma featured very high keratocyte density. This led us to consider this zone as a separate stromal zone for keratocyte density assessment (referred to as the very anterior stroma in this study). The average keratocyte density of normal corneas was consistent with previous reports (Ku et al. 2008; Gatzioufas et al. 2013; Bitirgen et al. 2013) . As expected, pathological corneas featured lower keratocyte density compared with normal corneas (Ku Fig. 8 . Analysis of stromal reflectivity with full-field optical coherence microscopy in human donor corneas (A, B) and pathological corneas (C, D). In normal human donor cornea, stromal reflectivity decreases exponentially with stromal depth (A), and as a result, the logarithm of normalized stromal reflectivity is a linear function of stromal depth (B). In keratoconus and other corneal disorders, the decrease in stromal reflectivity is not exponential (C) and the logarithm of stromal reflectivity is not a linear function of stromal depth (D). Mean normalized reflectivity and its 95% confidence limits for the group of normal corneas are shown; LCL = lower confidence level, UCL = upper confidence level. Ozgurhan et al. 2013; Erie et al. 2002; Imre et al. 2005) . We also found lower keratocyte density in ex vivo human donor corneas compared with normal in vivo corneas. The average keratocyte density in human donor corneas was consistent with the results reported by Moller-Pedersen et al. (Moller-Pederson et al. 1994) . Low keratocyte density in donor tissue could be explained by ageing (donors were older than controls), post-mortem loss of cells induced by ischaemia and/ or storage of donor tissue (Borderie et al. 1997; Patel et al. 2001; Komuro et al. 1999; Gambato et al. 2015) . As a result, keratocyte density in human donor corneas did not significantly differ from pathological corneas. Nevertheless, it seems reasonable to assume that donor tissue with very low keratocyte density would not be acceptable for transplantation. In fact, keratocytes are responsible for synthesis of several different collagen types and proteoglycans, posttranslational modifications of these molecules and finally production of collagen fibrils featuring the size and spacing needed for corneal stromal transparency (Hassell & Birk 2010) . Conversely, a low keratocyte density should provide a lower antigenic load and therefore could be an advantage. Deep anterior lamellar keratoplasty using lyophilized donor corneal tissue has been reported to be successful in a series of 44 eyes (Coombes et al. 2001) . As lyophilized donor corneal tissue is devoid of living keratocytes, the presence of these cells in the donor tissue could be not mandatory to achieve postoperative graft transparency. However, follow-up of patients in this study was on average 2 years, which might be too short to observe changes in stromal transparency related to keratocyte dysfunction. Further clinical studies are necessary to determine whether a minimal threshold of keratocyte density is required to obtain a perfectly clear corneal graft after transplantation.
In addition to quantitative parameters, FFOCM allows structural indicators to be detected. For instance, Vogt's striae are clearly visible in keratoconus cornea with FFOCM as they are with SD-OCT ). Whereas they appear as fine, whitish lines in the deep/posterior stroma and Descemet's membrane when observed with the slit lamp, with SD-OCT and FFOCM, they appear as dark parallel lines running through the entire stromal thickness (Fuentes et al. 2015) .
Real-life application of FFOCM in the eye banking routine can be addressed in a few issues. The quantitative parameters that have been developed in the present study (i.e. BL mean thickness, COV of BL thickness and R 2 ) are objective and reproducible because they are obtained through computer-assisted image analysis. Minimal training is needed for technicians to use the device. Sensitivity of the new parameters to detect pathological corneas ranged from 57% to 93% in our experimental settings and specificity ranged from 71% to 100%. For an eye bank delivering 1000 corneal grafts per year, the FFOCM investment represents an additional cost of 40 Euros/45 USD per cornea for the first 3 years. Benefits are for recipients in terms of quality of donor tissue issued for transplantation and safety (i.e. pathological donor corneas will not be transplanted). The relationship between the cost/time investment and informative yield has still to be determined. Recent updates to the FFOCM instrument used in this article that should facilitate its use in routine eye banking procedure include faster image acquisition and wider field size thanks to development of a custom complementary metal-oxide-semiconductor camera, and design of custom sterile disposable cassettes for cornea storage and handling during imaging. Use of FFOCM may increase screening costs, but these may be expected to counterbalance with reduced tissue storage and repeat procedure costs due to enhanced screening accuracy.
In conclusion, FFOCM is a precise and reliable method for assessing human donor corneal stroma during storage, enabling detection of stromal disorders that could impair the results of keratoplasty. Using the 95% confidence limits of the human donor cornea group, BL thickness < 6.5 lm, COV of Bowman's layer thickness > 18.6% and nonlinear logarithmic stromal reflectivity with depth (R 2 < 0.94) were revealed as indictors of abnormal cornea. When selecting donor tissue for anterior lamellar keratoplasty, tissue exhibiting these parameters should be discarded.
